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SUMMARY 
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GENERAL 

This  survey  provides  the  results  of  physical  and  chem¬ 
ical  tests  performed  on  150  samples  of  marine  Bunker  C  fuel 
oil  as  it  was  bunkered  aboard  U.S.  merchant  steamships.  These 
samples  represent  75  po  v-s  of  the  world  in  8  geographic 
regions  as  contributed  by  28  participating  companies. 

CONCLUSIONS 

The  comparison  of  the  1976  and  1980  studies  indicates 
an  overall  degradation  of  the  quality  of  bunker  fuels  avail¬ 
able  (refer  to  the  following  table).  The  most  dramatic  degrada¬ 
tion  has  occurred  in  vanadium  levels,  which  rose  from  40  ppm 
to  140  ppm.  Other  indications  of  fuel  quality,  such  as  ash, 

API  gravity,  viscosity,  sulfur,  and  sodium,  indicate  that  a 
lower  quality  of  fuel  is  currently  available  than  was  available 
to  U.S.  merchant  steamships  in  1976. 
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COMPARISON  OF  1980  SURVEY  TO  1976  SURVEY 
AND  THE  INDUSTRY  REFERENCE  1/ 


Fuel  Characteristics 

Symbol 

Industry 

Standard 

1976 

Survey 

1930 

Survey 

CARBON  5 

C 

37.75 

35.20 

35.78 

HYDROGEN  i 

H 

10. SO 

11.30 

10.38 

irmm 

N 

0.15 

0.30 

0.33 

0.40 

0.43 

0.55 

SULFUR  * 

S 

1.20 

2.97 

2.60 

ASH  r. 

ASH 

— 

0.03 

0.08 

GRAV 

-- 

15.1 

13.65 

PM  FLASH  POINT  (QUF) 

FLASH 

— 

192 

197 

VISCOSITY  (SSU  9 

100°F) 

VISSSU 

3264 

3982 

VISCOSITY  REDWOOD  NO. 

1  SEC  9  100  r 

VISRUO 

2861 

3491 

HEATING  VALUE  BTU/LB 

HTVAL 

18500 

18780 

1S4G8 

SPECIFIC  WEIGHT  LB/GAL 

sPEevrr 

— 

8.99 

8.13 

p 

— 

40 

46 

IRON,  ppm 

FE 

— 

6 

10 

LEAD,  ppm 

PB 

— 

1 

2 

COPPER,  ppm 

CU 

— 

0 

CHROMIUM,  ppm 

CR 

— 

0 

0.4 

ALUMINUM,  ppm 

AL 

-- 

2 

12 

NICKEL,  ppm 

id 

— 

18 

37 

SILVER,  ppm 

AG 

— 

0 

0 

mmmmmmm 

■I 

— 

0 

3 

SILICON,  ppm 

SI 

— 

2 

13 

BORON,  ppm  (<15)^ 

3 

-- 

0 

15 

SODIUM,  ppm 

NA 

— 

15 

13 

ZINC,  ppm 

mm 

— 

0 

2 

CALCIUM,  ppm 

CA 

— 

30. 

5 

BA 

— 

40 

0 

MAGNESIUM,  ppm 

MG 

-- 

180 

2 

TITANIUM,  ppm 

TI 

— 

.2 

2 

VANADIUM,  ppm 

V 

-- 

42 

140 

CADMIUM,  ppm 

CO 

-* 

0 

2 

MANGANESE,  ppm 

msm 

— 

0 

0 

1/  The  Industry  reference  Is  for  heat  balance  purposes  and 
is  taken  from  the  Society  of  Naval  Architects  and  Marine 
Engineers  (SNAME)  Technical  and  Research  Bulletin  3-11, 
SNAME,  1972. 

2/  These  averages  for  oxygen,  phosphorus,  and  boron  are 
artificially  high  because  the  quantities  Indicated  were 
used  to  represent  any  sample  that  fell  below  these  test 
limits. 
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INTRODUCTION 


1.1  GENERAL 

This  is  the  second  worldwide  analysis  of  marine  residual  bunker 
fuel  oils  conducted  for  the  U.S.  Maritime  Administration  (MARAD). 
The  objective  of  this  and  the  first  analysis  was  to  define 
both  from  a  quantitative  and  qualitative  analysis  a  broad  spec¬ 
trum  of  characteristics  of  marine  residual  fuel  oil,  as  bunkered 
aboard  steam  turbine  propelled  ships,  from  worldwide  sources. 

1.2  BACKGROUND 

Marine  bunker  fuel  oil,  referred  to  as  Bunker  C,  is  a  mixture 
of  residuum  remaining  from  refinery  processing  of  crude  oils 
and,  in  some  instances,  a  cutter  stock  to  reduce  the  viscosity 
of  the  mixture.  Because  refinery  processes  vary  worldwide.  Bunker 
C  fuels  are  inherently  different  in  their  properties  for  the 
primary  reason  that  world  crude  oil  streams  differ  in  their 
chemical  properties  and  the  concentration  of  contaminants  in 
the  residuum.  The  results  of  the  first  analysis  conducted 
in  1976  (see  Reference  1)  as  well  as  the  results  of  this  study 
are  provided  to  ship  owners  and  operators  to  allow  them 
more  accurately  assess  the  possible  effects  of  Bunker  C  fuels 
on  marine  propulsion  systems. 

Both  studies  collected  fuel  oil  samples  as  bunkered  by  U.S. 
merchant  ships  from  ports  worldwide.  The  first  study  based 
its  analysis  upon  120  samples;  this  study  upon  150.  Both  studies 
subjected  residual  fuel  oil  samples  to  physical  and  chemical 
testing  as  presented  in  Table  1.1. 

Both  studies  identify: 

a.  All  samples  by  sample  number,  laboratory  number,  port  and 
geographical  location,  and  bunkering  date 

b.  The  range  and  depth  of  samples  by  geographic  area 

c.  The  average  sulfur,  sodium,  vanadium,  and  hydrogen  content 
by  geographical  area 


1 


d.  The  high,  low,  and  average  values  of  physical  and  chemical 
properties  by  geographic  area 

e.  A  comparison  of  the  "average"  characteristic  for  all  samples 
against  the  prevailing  industry  reference. 

Tables  1.2  through  1.11  and  Figures  1.1  thro-igh  1.4  present 
sample  distribution  by  port  within  geographical  area,  summarized 
by  geographical  areas  as  well  as  the  number  of  shipping  com¬ 
panies  participating,  months  during  which  samples  were  collected, 
and  a  geographic  comparison  of  the  1976  and  1980  sample  selec¬ 
tion.  This  study  provides,  in  addition,  a  statistically  derived 
standard  deviation  of  the  test  results.  This  statistic  pro¬ 
vides  the  degree  to  which  sample  test  results  tend  to  spread 
from  the  averages  obtained. 


TABLE  1.1 


CHEMICAL  AND  PHYSICAL  TEST  METHODS  USED 

I.  CHEMICAL  TESTS 

1.  Reported  by  Percentage  (%) 

TEST  TEST  METHOD 

Carbon  Micro  Elemental  Analysis 

Hydrogen  Micro  Elemental  Analysis 

Nitrogen  Micro  Elemental  Analysis 

Oxygen  Micro  Elemental  Analysis 

Ash  ASTM  Test  No.  D-482 

Sulfur  ASTM  Test  No.  D-129 

2.  Reported  by  parts  per  million  (ppm)  using 
ASTM  Test  No.  D-2788  except  Phosphorus 
ASTM  Test  No.  D-1091 

Lead  Silicon  Barium 

Copper  Boron  Magnesium 

Chronium  Sodium  Titanium 

Aluminum  Phosphorus  Cadium 

Nickel  Zinc  Manganese 

II.  PHYSICAL  TESTS 

1.  API  Gravity  at  60°F  (°API)  ASTM  Test  No.  D-287 

2.  Flash  Point  (°F)  ASTM  Test  No.  D-83 

3.  Viscosity  (SSU)  ASTM  Test  No.  D-445 

4.  Viscosity  (Redwood  No  1  Seconds)  Conversion 

fi;om  Viscosity  (SSU) 

5.  Heating  Value  Conversion  from  API  Gravity 

6.  Specific  Weight  Conversion  from  API  Gravity 


TABLE  1.2 

SAMPLE  DISTRIBUTION:  EAST  COAST,  USA  AND  CANADA  (1) 


No .  o  f 
Samples 

i'.ro  rid 

Port 

Index 

Port 

1 

02180 

Quebec,  Canada 

1 

03390 

Windson,  Ontario,  Canada 

3 

03700' 

Sarinia,  Ontario,  Canada 

2 

07350 

Boston,  MA,  USA 

1 

07570 

Bridgeport,  CN,  USA 

2 

07630 

Brooklyn,  NY,  USA 

4 

07640 

New  York,  NY,  USA 

1 

08040 

Deepwater,  NJ,  USA 

1 

08070 

Marcus  Hook,  PA,  USA 

2 

08100 

Fort  Mifflin,  PA,  USA 

2 

08110 

Philadelphia,  PA,  USA 

1 

08115 

Paulsboro,  NJ,  USA 

4 

08210 

Baltimore,  MD,  USA 

1 

08280 

Norfolk,  VA,  USA 

1 

08300 

Newport  News,  VA,  USA 

2 

08430 

Moorehead  City,  NC,  USA 

3 

08530 

Savannah,  GA,  USA 

1 

08580 

Jacksonville,  FL,  USA 

33 

18  Ports 

Representing:  16  Companies 

TABLE  1.3 

SAMPLE  DISTRIBUTION:  GULF  COAST,  USA  (2) 


No .  of 
Samples 

— m 

HjrayH 

Port 

3 

08670 

Tampa,  FL,  USA 

3 

08860 

New  Orleans,  LA,  USA 

1 

08970 

Baton  Rouge,  LA,  USA 

1 

0907S 

Nederland,  TX,  USA 

3 

09080 

Port  Arthur,  TX,  USA 

2 

091S0 

Galveston,  TX,  USA 

2 

09170 

Baytown,  TX,  USA 

2 

09240 

Houston,  TX,  USA 

3 

09300 

Corpus  Christi,  TX,  USA 

20 

9  Ports 

Representing  11  Companies 

TABLE  1.4 

SAMPLE  DISTRIBUTION:  WEST  COAST,  USA  (3) 


No.  of 
Samples 

18 

1 

Ports 

2 

16010 

San  Diego,  CA,  USA 

1 

16070 

Long  Beach,  CA,  USA 

5 

16080 

San  Pedro/Los  Angeles,  CA,  USA 

2 

16300 

San  Francisco,  CA,  USA 

2 

16340 

Oakland,  CA,  USA 

1 

16400 

Oleum,  CA,  USA 

1 

16470 

Benicia,  CA,  USA 

1 

16940 

Portland,  OR,  USA 

3 

17700 

Tacoma,  WA,  USA 

1 

17730 

Seattle,  WA,  USA 

1 

18040 

Anacortes,  WA,  USA 

20 

11  Ports 

Representing  11  Companies 

TABLE  1.5 

SAMPLE  DISTRIBUTION:  CENTRAL  AMERICA  AND  CARRIBEAN  (4) 


No .  of 
Samples 

World 

Port 

Index 

Ports 

1 

09425 

Coatzacoalcos ,  Mexico 

7 

11205 

Yabucoa,  Puerto  Rico 

2 

11325 

St.  Croix,  Virgin  Islands 

3 

11335 

Limetree  Bay,  Virgin  Islands 

6 

1S410 

Balboa,  Panama 

19 

5  Ports 

Representing  7  Companies 

TABLE  1 . 6 

SAMPLE  DISTRIBUTION:  SOUTH  AMERICA  (5) 


TABLE  1.7 

SAMPLE  DISTRIBUTION:  NORTHERN  EUROPE  (6) 


No .  of 
Samples 


World 

Port 

Index 

Ports 

23940 

Bfordjorden,  Sweeden 

31600 

Amsterdam,  Netherlands 

31140 

Rotterdam,  Netherlands 

3483  5 

Pembroke,  United  Kingdon 

358  50 

Rouen,  France 

37990 

Lisbon,  Portugual 

38290 

Cadiz,  Spain 

7  Ports 

Representing  4  Companies 

TABLE  1.8 

SAMPLE  DISTRIBUTION:  MEDITERRANEAN  AND  AFRICA  (7) 


No.  of 


World 

Port 

Index 

Ports 

36860 

Donges,  France 

38775 

Lavera,  France 

39130 

Sarroch,  Sardegna 

39210 

Cagliari,  Italy 

39470 

Genova,  Italy 

45820 

Dakar,  Senegal 

46770 

Capetown,  South  Africa 

46850 

Durban,  South  Africa 

8  Ports 

Representing  7  Companies 

r 


TABLE  1.9 

SAMPLE  DISTRIBUTION:  ASIA  AND  AUSTRALIA  (8) 


No .  of 
Samples 

World 

Port 

Index 

Ports 

3 

48140 

Jeddah,  Saudi  Arabia 

2 

48335 

Ad  Dammam,  Saudi  Arabia 

3 

49240 

Colombo,  Sri  Lanka 

5 

50000 

Singapore,  Singapore 

1 

50010 

Tanjang  Penjori,  Singapore 

1 

57840 

Hong  Kong,  Hong  Kong 

IS 

6  Ports 

Representing  6  Companies 

TABLE  1.10 


SAMPLE  DISTRIBUTION  SUNMARY 
(by  Geographic  Region) 


1976  SURVEY 

1980  SURVEY 

Geographic  Region 

Quantity 

Geographic  Region 

Quantity 

Area 

Ports!/1 

Spls 

Code 

Area 

Co’s 

East  Coast,  USA. 

3 

3li/ 

1 

East  Coast,  USA  &  Canada 

18 

33 

16 

Gulf  Coast,  USA 

1 

4 

2 

Gulf  Coast,  USA 

9 

20 

11 

West  Coast,  USA 

5 

12 

3 

West  Coast,  USA 

11 

20 

11 

4 

Central  America  3  Caribbean 

S  ! 

19  j 

7 

South  America 

3 

IS  ' 

5 

South  America 

15 

20 

6 

Europe 

i 

tm 

IS 

6 

Europe 

7 

9 

4 

Mediterranean 

s 

21 

7 

Mediterranean  8  Africa 

3 

14 

7 

Africa 

mm 

9 

Asia/Australia 

mm 

13 

8 

Asia/Australia 

6 

IS 

6 

30 

120 

75 

150 

2  Si/ 

—  Port, distribution  in  the  1976  study  indicate  sample  collection 
points  and  not  necessarily  the  actual  location  of  bunkering. 

y  Two  of  the  samples  were  eliminated  from  the  statistical  results  be- 
cause  they  were  not  "Bunker  C"  fuel  oil. 

y  Represents  the  total  number  of  companies  participating  in  the  survey. 


r 


~  z 

,  «  ^  2 

S  c  “  = 

*  I  g  2 

z  o  oc 

M  H 

BU  C/3 


ssiduiBS  jo  jsquiriN 


11 


Geographic  Region 
i  East  Coast  USA  and  Canada 
Gulf  Coast  USA 
West  Coast  USA 


FIGURE  1.2 

PORT  DISTRIBUTION  BY  GEOGRAPHIC  REGION 


FIGURE  1.4 

COMPARISON  OF  1976  SURVEY  VS  1980  SURVEY 


II.  SURVEY  RESULTS 


2.1  GENERAL 

This  chapter  presents  the  quantitative  and  qualitative  results 
of  the  survey.  The  test  results  for  each  of  the  fuel  samples 
are  presented,  as  well  as  a  table  that  allows  a  direct  compar¬ 
ison  between  regions  and  the  new  world  average  by  test  result. 
Next,  the  new  world  average  Bunker  C  fuel  characteristics  are 
compared  to  the  previous  survey  and  to  the  industry  reference. 

For  seven  important  test  characteristics,  a  graphic  represen¬ 
tation  by  regions  is  presented  for  quick  visual  reference  and 
the  95%  confidence  interval  is  established  for  the  world  average 
test  results.  The  methodology  to  compute  the  95%  confidence 
level  about  the  average  is  also  presented. 

2.2  SAMPLE  RESULTS 

The  results  of  the  physical  and  chemical  tests,  the  port,  the 
region,  and  the  date  the  sample  was  taken  are  presented  in 
Table  2.1.  Three  tests  are  limited  in  the  minimum  measurable 
levels  detectable  when  using  the  ASTM  test  standards.  These 
include  oxygen  at  0.5%,  phosphorus  at  30  ppm,  and  boron  at 
15  ppm.  Hence,  these  values  are  assigned  to  those  test  results 
for  the  statistical  interpretation  of  results.  This  means 
that  the  calculated  average  is  artificially  high  for  these 
test  results.  The  ASTM  D-2788  (atomic  absorption  spectropho¬ 
tometry)  method  was  used  for  analysis  of  trace  metals  and  salts. 
This  method  does  not  provide  a  true  measure  of  refinery  cata¬ 
lytic  fines  that  may  be  present  in  the  fuel.  However,  in  testing 
for  silicon  and  aluminum,  a  hotter  flame  was  used,  which 
increased  the  accuracy  of  these  test  results.  A  standard  fuel 
and  element  lamp  was  used  to  recalibrate  the  spectrophotometric 
test  apparatus  between  the  individual  sample  tests. 

The  cumulative  results  from  the  tests  are  presented  by  region 
in  terms  of  the  minimum,  maximum,  average,  and  one  standard 
deviation.  This  result  is  presented  in  Table  2.2.  The  minimum 
and  maximum  provide  the  ranges  of  sample  results,  while  the 
average  value  represents  the  central  value  of  this  particular 
survey  result. 
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The  standard  deviation  is  helpful  when  computing  confidence 
intervals.  The  newly  computed  world  average  fuel  is  compared 
to  the  1976  survey  results  and  to  the  industry  reference  in 
Table  2.3.  The  confidence  interval  develops  a  range  into  which 
the  true  average  may  fall  with  a  probability  of  95%.  The  multi¬ 
pliers  needed  to  compute  a  951  confidence  interval  are  presented 
in  Table  2.4.  The  standard  deviation  on  Table  2.2  is  multi¬ 
plied  by  the  "multiplier"  factor  for  any  region  or  the  world 
total.  The  lower  limit  of  the  confidence  range  is  the  result 
of  applying  the  multiplier  times  one  standard  deviation  and 
then  subtracting  the  number  from  the  average.  Similarly,  to 
get  the  upper  limit,  the  multiplier  times  one  standard  devi¬ 
ation  is  added  to  the  average.  This  assumes  a  normal  distri¬ 
bution  of  Bunker  C  within  any  given  region  and  for  the  world 
average. 

The  results  of  seven  of  the  tests  are  presented  graphically 
to  provide  a  quick  visual  reference  by  region  and  for  the  world 
average.  These  tests  include  three  physical  tests,  API  gravity, 
flash  point,  and  viscosity  (Redwood),  which  are  commonly  used 
by  the  ship's  engineer  to  identify  the  fuel  and  to  adjust  fuel 
flow  into  burners,  and  four  chemical  tests,  percent  hydrogen 
and  sulfur  and  parts  per  million  sodium  and  vanadium,  which 
relate  to  the  corrosiveness  of  the  fuel  and  to  the  rate  of 
scale  buildup  on  fuel  lines  and  burner  tips  at  high  tempera¬ 
tures.  The  API  gravity  is  presented  in  Figure  2.1,  the  flash 
point  in  Figure  2.2,  the  viscosity  in  Figure  2.3,  the  hydrogen 
in  Figure  2.4,  the  sulfur  in  Figure  2.5,  the  sodium  in  Figure 
2.6,  and,  finally,  the  vanadium  in  Figure  2.7.  From  an  exami¬ 
nation  of  Figures  2.1  through  2.7,  the  following  observations 
can  be  made: 

a.  The  highest  regional  average  for  API  gravity  can  be  found 

in  Asia/Austrialia  at  16.73,  followed  by  South  America  at  14.45. 
The  lowest  regional  average  for  API  gravity  is  found  on  the 
West  Coast  of  the  U.S.  at  12.25.  The  newly  computed  world 
average  for  the  API  gravity  is  13.53  with  a  95%  confidence 
interval  whose  lower  limit  is  13.25  and  upper  limit  is  13.81. 

b.  The  highest  regional  average  for  the  flash  point  can  be 
found  in  the  Central  American/Caribbean  region  at  224,  followed 
by  Northern  Europe  at  216.  The  lowest  regional  average  for 
flash  point  is  found  in  Asia/Australia  at  174.  The  newly  com¬ 
puted  world  average  for  flash  point  is  196  with  a  95%  confidence 
Interval  whose  lower  limit  is  192  and  upper  limit  is  200. 

c.  The  highest  regional  average  for  viscosity  (Redwood)  can 
be  found  in  South  America  at  4,322,  followed  by  the  West  Coast 
of  the  U.S.  at  4,209.  The  lowest  regional  average  for  viscos¬ 
ity  is  found  in  Asia/Australia  at  1,161.  The  newly  computed 
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world  average  for  viscosity  (Redwood)  is  3,478  with  a  95%  confi¬ 
dence  interval  whose  lower  limit  is  3,264  and  upper  limit  is 
3,692. 

d.  The  highest  regional  average  for  hydrogen  percent  can  be 
found  in  Asia/Australia  at  11.23,  followed  by  South  America 
at  11.05.  The  lowest  regional  average  for  hydrogen  percent 
is  found  in  the  Gulf  Coast  of  the  U.S.  at  10.66.  The  newly 
computed  world  average  for  hydrogen  percent  is  10.86  with  a 
95%  confidence  interval  whose  lower  limit  is  10.81  and  upper 
limit  is  10.91. 

e.  The  highest  regional  average  for  sulfur  percent  can  be 
found  in  Northern  Europe  at  3.23,  followed  by  Asia/Australia 
at  3.22.  The  lowest  regional  average  for  sulfur  percent  is 
found  on  the  West  Coast  of  the  U.S.  at  1.76.  The  newly  com¬ 
puted  world  average  for  sulfur  percent  is  2.61  with  a  95%  confi¬ 
dence  interval  whose  lower  limit  is  2.51  and  upper  limit  is 
2.71. 

f.  The  highest  regional  average  for  sodium  levels  can  be  found 
in  the  Mediterranean/African  region  at  19,  followed  by  Central 
America/Caribbean  at  16.  The  lowest  regional  average  for  sodium 
level  is  found  in  the  Gulf  Coast  of  the  U.S.  at  7.  The  newly 
computed  world  average  for  sodium  level  is  13  with  a  95%  confi¬ 
dence  interval  whose  lower  limit  is  12  and  upper  limit  is  14. 

g.  The  highest  regional  average  for  vanadium  levels  can  be 
found  on  the  East  Coast  of  the  U.S.  and  Canada  at  249,  followed 
by  South  America  at  179.  The  lowest  regional  average  for  vana¬ 
dium  level  is  found  in  Asia/Australia  at  33.  The  newly  computed 
world  average  for  vanadium  levels  is  141.  Examination  of  the 
vanadium  results  indicates  that  vanadium  is  not  normally  dis¬ 
tributed;  hence,  no  confidence  interval  is  established. 

2.3  WATCH  SAMPLE  RESULTS 

Six  samples  were  chosen  from  two  U.S.  ports  and  four  overseas 
ports.  The  results  of  laboratory  tests  for  these  samples  are 
presented  in  Table  2.5.  The  intent  of  these  watch  samples 
is  to  provide  an  independent  means  to  check  the  validity  of 
the  basic  150  samples.  The  watch  sample  results  appear  to 
correlate  with  the  average  from  the  region  within  plus  or  minus 
one  standard  deviation.  Hence,  the  basic  150-sample  data  base 
appears  sound.  The  three  watch  samples  from  Region  Seven  are 
all  from  the  Mediterranean  area,  with  two  provided  by  AGIP 
Petrolia  S.P.A.,  a  refiner  in  Italy,  and  one  provided  by  the 
Defense  Fuel  Quality  Assurance  Residence  in  Greece  as  received 
from  a  local  refiner  there. 
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2.4  CONCLUSIONS 


The  comparison  presented  in  Table  2.3  shows  an  overall  degrada¬ 
tion  in  available  bunker  fuels  since  the  previous  survey  was 
completed  in  1976.  The  most  dramatic  degradation  occurred 
in  the  average  vanadium  level,  which  increased  from  40  ppm 
in  1976  to  140  ppm  in  this  survey.  As  with  other  data  presented 
in  this  report,  care  should  be  exercised  in  the  statistical 
analysis  of  the  results.  For  example,  30%  of  the  fuel  samples 
had  vanadium  contents  of  200  ppm  or  higher. 
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TABLE  2.1 

SAMPLE  TEST  RESULTS 


SAMPLE  COUNT  REFERENCE 


SAMPLE  NUMBER  CONTROL 


31UXERING  PORT 


GEOGRAPHICAL  REGION 


BARIUM,  poa 


MAGNESIUM,  ppa 


TITMIUN.  ppa 


VMUQIUM.  m 


CADMIUM,  ppa 


MANGANESE,  ppa 


This  valua  raprasants  tha  lowast  natsursola  quantity  OatacUOla  using  ASTM  or  spactrophotoaatrtc  ttst 
1/  Th«  nuadar  on  uw  right  <n  oarantnasls  raflacts  .ft a  raportad  valua  from  tha  supptlar  to  tha  staawftlp 


procaduras. 
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TABLE  2.1  (Cont.) 
SAMPLE  TEST  RESULTS 


SAMPLE  COUNT  REFERENCE 

COUNT 

3 

10 

11 

12 

13 

u 

15 

SAMPLE  NUMBER  CONTROL 

LAS  NO. 

123 

229 

23 

34 

39 

196 

23 

CUMSERWG  PORT 

UP! 

07630 

07530 

37640 

37640 

07640 

07640 

08040 

GEOGRAPHICAL  REGION 

I  COOE 

t 

1 

1 

1 

1 

1 

1 

'ATE  SUNKcREO 

HO/OAY/VR 

5/31/80 

10/3/30 

5/  7/80 

5/10/80 

6/13/30 

3/1/30 

7/10/80 

CARBON  1 

- 

35.75 

35.24 

35.91 

35.42 

35.76 

36.44 

35.46 

rYCROGEN  i 

H 

10.34 

10.20 

11.18 

11.28 

11.18 

10.54 

11.08 

NITROGEN  i 

H 

0.37 

0.44 

0.48 

0.40 

0.29 

0.22 

0.45 

0 

0.59 

0.5 

3.5 

0.5 

0.5 

0.5 

3.5 

SULFUR  : 

s 

2.ZS 

2.30 

2.24 

2.29 

2.37 

2.56 

2.53 

ASH  : 

ASH 

3.11 

0.02 

0.37 

0.10 

0.06 

0.07 

mi 

GRAV 

15.7(15.1) 

9.3  (10.2! 

15.3 

15.505.1) 

12.5(12.5) 

mm 

PM  PLASH  POINT  (0aF)  U 

FLASH 

152(150) 

163(148) 

173 

168(150) 

214(194) 

204(200) 

194(160) 

wit  litas 

VISSSU 

3960 

2983 

3S07 

4103 

4742 

2992 

442S 

ViSRWO 

3471 

2615 

3074 

3537 

4157 

2523 

3879 

HEATING  VALUE  3TU/L3 

HTVAL 

13490 

13320 

18450 

13390 

18150 

13390 

18490 

SPECIFIC  WEIGHT  L3/GAL 

SPECWT 

3.00 

3.34 

3.01 

3.03 

3.20 

3.20 

8.00 

PHOSPHORUS,  ppm  (<  30  ppm)  - 

P 

30 

30 

t  OS 

185 

35 

30 

36 

IRON,  ppm 

FE 

7 

6 

6 

6 

7 

4 

4 

LEAD,  ppm 

PB 

S 

2 

2 

3 

2 

1 

2 

COPPER,  ppm 

CU 

1 

0 

0 

o 

0 

0 

2 

CHROMIUM,  ppm 

ca 

0 

0 

1 

1 

1 

t 

1 

ALUMINUM,  ppm 

AL 

IS 

14 

9 

13 

13 

10 

7 

NICKEL,  ppm 

SI 

48 

30 

55 

58 

25 

21 

54 

SILVER,  ppm 

AG 

0 

0 

0 

0 

0 

0 

0 

TIN,  ppm 

SN 

6 

3 

4 

1 

2 

2 

1 

SILICON,  ppm 

SI 

18 

6 

24 

26 

24 

14 

25 

ESHHSEISXMi 

3 

15 

15 

15 

15 

15 

15 

15 

SOOIUH.  ppm 

NA 

17 

12 

IS 

10 

12 

3 

4 

ZINC,  ppm 

ZN 

0 

1 

0 

0 

4 

2 

2 

CALCIUM.  PP« 

CA 

2 

5 

5 

2 

3 

1 

2 

BARIUM,  ppm 

BA 

0 

0 

0 

0 

0 

0 

0 

MAGNESIUM,  ppm 

MG 

4 

1 

3 

3 

3 

1 

1 

TITANIUM,  ppm 

TI 

5 

2 

3 

9 

0 

2 

5 

VANADIUM,  ppm 

V 

235 

115 

390 

425 

120 

47 

460 

CADMIUM,  ppm 

CO 

0 

0 

4 

2 

5 

0 

3 

MANGANESE,  ppm 

MN 

0 

0 

0 

0 

0 

0 

0 

!/  This  value  repre sents  the  lowest  measurable  quantity  detectable  using  ASTM  or  spectrophotometrlc  tut  procedures 
y  The  maoer  oa  the  right  in  parenthesis  reflects  the  reported  value  from  the  supplier  to  the  steamship  company. 


TABLE  2.1  (Cont.) 
SAMPLE  TEST  RESULTS 


SAMPLE  COUNT  REFERENCE 

COUNT 

17 

IS 

19 

29 

21 

22 

23 

24 

SAMPLE  NUMBER  CONTROL 

LAB  NO. 

360 

231 

29 

95 

39 

33 

44 

38 

3UIKERING  PORT 

UP! 

08100 

08100 

38110 

08110 

33115 

38210 

98210 

98210 

GEOGRAPHICAL  REGION 

I  CODE 

1 

1 

1 

1 

N 

1 

1 

1 

DATE  3UHKERE3 

MO/OAT/YR 

6/16/80 

7/15/80 

5/19/30 

5/21/30 

7/9/30 

5/3/80 

5/23/30 

r/23/30 

CARBON  i 

C 

34.20 

35.79 

36.13 

35. 64 

35.10 

35.52 

36.50 

35.37 

HYDROGEN  S 

H 

10.38 

10.30 

10.10 

11.25 

10.58 

10.75 

10.96 

10.31 

NITROGEN  i 

N 

0.23 

0.25 

0.24 

0.43 

9.36 

9.29 

9.55 

9.26 

0 

0.5 

0.5 

0.5 

0.65 

0.55 

0.5 

0.5 

9.5 

SULFUR  ; 

s 

4.30 

2.75 

3.09 

2.01 

3.15 

3.38 

2.20 

2.56 

ASH 

0.03 

0.07 

0.07 

0.11 

9.06 

9.96 

9.99 

CM 

O 

GRAV 

16.3 

17.1 

12.9(13.3) 

15.9 

13.1(13.9) 

11.7(13.3) 

13.2(13.9) 

11.7(11.9) 

FLASH 

172 

206 

192(200) 

134 

152(210) 

184(180) 

168(148) 

256(200) 

visoosmr  cssu  »  ioo°f) 

VISSSU 

1431 

1223 

369 

3108 

2487 

4046 

58S3 

4528 

Pv. 

VISRUO 

1254 

1072 

762 

272$ 

2180 

3547 

5131 

3969 

HEATING  VALUE  3TU/L3 

HTVAL 

13620 

13920 

13660 

138S0 

13400 

17950 

13380 

13001 

SPECIFIC  HEIGHT  LB/GAL 

SFECHT 

7.97 

7.93 

3.13 

3.30 

8.15 

3.25 

3.16 

3.25 

PHOSPHORUS,  ppm  (<  30  ppn)  1 

P 

30 

30 

90 

30 

30 

50 

34 

30 

IRON,  ppn 

FE 

1 

4 

4 

4 

5 

21 

2 

15 

LEAO,  ppn 

f»B 

1 

2 

1 

3 

3 

12 

3 

6 

COPPER,  ppn 

CU 

0 

0 

0 

1 

1 

0 

1 

1 

CHROMIUM,  ppn 

CR 

0 

0 

1 

9 

0 

!• 

1 

1 

ALUMINUM,  ppn 

AL 

14 

16 

10 

IS 

15 

12 

14 

11 

NICKEL,  ppn 

Nt 

14 

18 

21 

55 

17 

27 

31 

32 

SILVER,  ppn 

AG 

0 

° 

0 

0 

0 

0 

0 

0 

TIN.  ppn 

SN 

' 

1 

1 

« 

4 

0 

6 

4 

SILICON,  ppn 

SI 

3 

5 

23 

17 

19 

25 

15 

16 

8 

IS 

13 

IS 

15 

15 

15 

IS 

15 

SOOIIM.  ppn 

IU 

* 

9 

0 

9 

9 

18 

9 

15 

ZINC,  ppn 

IN 

1 

1 

0 

0 

1 

7 

5 

0 

CALCIUM,  ppn 

CA 

0 

1 

1 

2 

2 

17 

8 

4 

BARIUM,  ppn 

W 

0 

0 

0 

0 

0 

0 

0 

3 

MAGNESIUM,  ppn 

m 

0 

1 

1 

3 

2 

5 

3 

4 

TITANIUM,  ppn 

TI 

0 

0 

3 

5 

4 

4 

0 

i 

VANADIUM,  ppn 

V 

32 

54 

135 

400 

230 

117 

470 

120 

CAOMIUM,  ppn 

CO 

0 

0 

6 

0 

9 

5 

4 

0 

MANGANESE,  ppn 

MM 

0 

0 

0 

0 

9 

0 

0 

9 

1/  TM*  y*liM  nprHMti  Ut*  Vswwt  oMluriblt  quantity  PttPCUBU  mlnq  A  STM  or  sppctropMtanptrlc  t**t  procMurtf. 
V  tup  mwnir  on  tte  rtqnt  in  pannUwtlf  rpfltct*  tut  rtportod  valun  fron  thn  moplior  to  tnn  rmntMp  eonp*ny. 


TABLE  2.1  (Cont.) 
SAMPLE  TEST  RESULTS 


U  nil  «ilw  rwwt  u  um  Isaest  eeesurable  quantity  detectable  uslnq  A  STM  or  spectropnotometrle  tut 
V  me  mmc  a*  tlw  riqnt  in  parentflesls  reflects  thn  reported  Value  frwa  the  supplier  to  the  steaashlp 


procedures. 
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TABLE  2.1  (Cont.) 
SAMPLE  TEST  RESULTS 


1 


1 !  TM*  voluo  rtprtsMM  tM  lowoot  MMurtOlo  quantity  dotactiolo  uilng  ASTM  or  seoctroeMtonttrlc  tatt  procodurM 
V  tim  mfitr  on  cm  nqnt  in  porantMsis  roflocti  tM  roportnd  voluo  fron  tM  tupollar  to  tM  itaoMlilo  coMtny. 
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TABLE  2.1  (Cont. ) 
SAMPLE  TEST  RESULTS 


SAMPLE  COUNT  REFERENCE 

COUNT 

*1 

42 

43 

44 

45 

46 

47 

43 

SAMPLE  NUMBER  CONTROL 

LAS  NO. 

118 

I 

5 

5 

71 

147 

59 

142 

3UNKERING  port 

API 

09080 

09080 

09030 

39080 

39150 

09150 

037  70 

09170 

GEOGRAPHICAL  REGION 

I  COOE 

2 

2 

2 

2 

2 

2 

2 

2 

CATE  BUNKERED 

MO/QAY/YR 

3/6/ao 

6/7/30 

6/  9/30 

6/12/30 

3/22/30 

9/8/30 

8/17/30 

3/23/30 

CARSON 

C 

36.53 

36.47 

35.90 

36.20 

35.50 

36.11 

36.79 

36.44 

HYDROGEN  i 

H 

10.40 

10.91 

10.57 

10.99 

10.54 

10.50 

10.33 

1C. 73 

NITROGEN 

N 

0.01 

0.20 

0.11 

0.25 

0.29 

3.02 

0.25 

3.30 

OXYGEN  S  (<  0.51)  ]-l 

0 

0.5 

0.5 

0.5 

0.5 

3.5 

0.5 

0.5 

0.5 

SULFUR 

s 

2.27 

2.38 

2.59 

2.76 

2.39 

2.35 

2.48 

2.33 

ASH  : 

ASH 

0.06 

0.07 

0.04 

0.04 

0.  to 

O.’O 

3.19 

3.36 

API  GRAVITY  9  60°F  & 

GRAV 

10.3 

12.2(12.5) 

12.3(13.3) 

13.0(13.3) 

11.5(12.0) 

11.4(12.1) 

11.1(71.4) 

12.0(11.3) 

PM  FLASH  POINT  (0°?)  - 

FLASH 

216 

258(196) 

230(190) 

244(190) 

204(225) 

160(152) 

173(182) 

210(173) 

VISCOSITY  (SSU  3  ’.00°?) 

VISSSU 

A516 

4933 

5079 

2412 

U73 

3080 

4136 

•1553 

JIj;3SIT7  sedwocd  no.  i  Hi 

3  1C0°= 

VISRUO 

3959 

4024 

4452 

2991 

3926 

2700 

3670 

3991 

HEATING  VALUE  3TU/L3 

HTVAL 

13100 

18440 

13S90 

13530 

13230 

18130 

13200 

17920 

SPECIFIC  HEIOfT  L3/GAL 

SPECAT 

3.28 

3.22 

3.21 

8.17 

8.25 

3.25 

3.28 

8.23 

=mOSPHORUS,  pan  (<  30  a  cm  I  - 

? 

30 

175 

180 

310 

30 

30 

36 

30 

[RON.  ppa 

FE 

12 

14 

13 

14 

14 

14 

11 

10 

LEAD,  ppa 

PS 

3 

1 

1 

1 

1 

3 

1 

2 

COPPER.  ?pi 

cu 

1 

0 

0 

0 

0 

0 

1 

CHROMIUM,  ppa 

CR 

0 

1 

1 

1 

0 

1  1 

3 

AlUHtM*.  ppa 

AL 

18 

9 

8 

3 

10 

12 

12 

12 

NICKEL,  ppa 

HI 

27 

26 

27 

22 

24 

49 

29 

20 

SILVER,  poa 

A6 

o 

0 

0 

0 

0 

0 

0 

0 

TIN.  ppa 

SN 

3 

0 

0 

0 

5 

3 

4 

3 

SILICON,  ppa 

SI 

12 

00 

30 

30 

16 

7 

30 

23 

aCRCN,  ppm  (<ts  ppa)  ^ 

3 

IS 

IS 

IS 

15 

IS 

15 

15 

15 

SOOIUH,  ppa 

IM 

6 

7 

3 

5 

12 

7 

6 

7 

ZINC,  ppa 

ZN 

o 

0 

0 

0 

4 

1 

0 

1 

CALCIUM.  PP» 

CA 

1 

is 

14 

S 

0 

1 

3 

2 

BARIUM,  ppa 

3A 

0 

0 

0 

0 

0 

0 

3 

0 

MAGNESIUM,  ppa 

MG 

1 

o 

3 

2 

1 

1 

1 

1 

TITANIUM,  ppa 

TI 

11 

0 

0 

0  1 

3 

4 

1 

VANAOIUM,  ppa 

V 

79 

98 

90 

75 

62 

270 

SO 

74 

CASMIUM,  ppa 

CO 

0 

10 

10 

10 

0 

0 

5 

0 

MANGANESE,  ppa 

MN 

0 

0 

0 

0 

0 

0 

0 

0 

1/  TJiH  «<liM  r*pr»*«m  W»  lowMt  nutunOU  qu*nt1ty  dittcMfilt  u»1n$  ASTM  or  spoccropMtOMtrfe  !«t  proctdurt*. 
V  n*t  iwMr  oh  tlw  rtjiit  in  phtmcimrI*  r«f1«ets  Mw  rpporttd  '»«!«•  froa  turn  suppllar  to  to*  itomolp  coapaiiy. 
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TABLE  2.1  (Cont.) 
SAMPLE  TEST  RESULTS 


SAMPLE  COUNT  REFERENCE 


SAMPLE  HUMBER  CONTROL 


3UtK£RttG  PORT 


GEOGRAPHICAL  REGION 


CATE  3UNKERE0 


CARBON  l 


HYOROGEN  5 


•IITROGEN  S 


COUNT 


LAB  HO. 


UP  I 


I  CODE 


'mO/OAY/YR  4/27/30 


30 


253 


9240 


2 


SULFUR  ; 


ASH 


API  GRAVITY  9  o0°F  & 


PM  PLASH  POINT  (0aF)  » 


InuT.iuilt.im 


0  NO.  1  SEC 


HEATING  VALUE  3TU/L3 


SPECIFIC  WEIGHT  LB/GAL 


PHOSPHORUS.  ppa  (<  30  ppm) 


IRON.  PPM 


LEM,  ppa 


COPPER.  ppa 


CHROMIUM,  ppa 


ALUMINUM,  ppa 


NICKEL,  ppa 


SILVER,  ppa 


TIN,  PP* 


SILICON,  ppa 


SOOIUH,  ppa 


ZINC,  ppa 


CALCIUM,  ppa 


BARIUM,  ppa 


MAGNESIUM,  ppa 


TITANIUM,  ppa 


VANAOtUM,  ppa 


CASMIUM,  ppa 


MAMGMESE.  ppa 


51 

52 

62 

19 

09300 

09300 

l 

2 

3/8/30 

5/21/30 

35.56 

36.44 

10.78 

10.63 

0.23 

0.26 

0.5 

0.5 

2.21 

2.97 

3/16/80  3/9/30 


36.15 


10.02 


10.1(10.7)  12.4(12.6) 


216(200)  170(140) 


0.04 


12.3 


212 


1511 


10.9(13.6) 


164(166)  212(196) 


55 


165 


16010 


3 


3/10/30 


8S.31 


10.78 


0.52 


0.72 


2.19 


0.39 


12.5(13.0) 


212(196) 


4294 


3764 


18640 


3.17 


30 


155 


16070 


3 


5/12/30 


3S.72 


11.11 


0.74 


0.88 


1.28 


0.08 


15.9(14.3) 


154(168) 


1746 


1531 


18540 


8.00 


1/  nils  valua  rapruant*  ttn  lavas t  aauurabla  quantity  dattctaPIt  ujlnq  ASTM  or  spactrppNOtaaatrlc  tut  procaduru. 
U  n«a  nuUar  on  tNa  rlgfrt  In  parwtna*!*  rafltct*  tna  rtporttd  vtlua  from  tha  jupplltr  to  tNa  staamMp  eaaptny. 
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TABLE  2.1  (Cont.) 
SAMPLE  TEST  RESULTS 


SAMPLE  COUNT  REFERENCE 


SAMPLE  NUMBER  CONTROL 


BUNKERING  PORT 


^GRAPHICAL  BE3I0N 


API  GRAVITY  }  603F  H 


*1  fLASH  POINT  (03F)  & 


3. 7(3.8)  [12. 9(12. A)  3. 8(9.0)  12.7(13.3)  |12. 7(12.4)  jl». 0(13. 3) 


190(184)|  204(230)  j  200(192)  176(200)  176(198)  220(220) 


ZINC.  PRO 


CALCIUM.  POM 


9ARIUM,  pp* 


MAGNESIUM,  ppm 


TITANIUM.  POM 


VANAQIUN.  PRM 


CADMIUM,  POT 


MANGANESE.  PS* 


1/  This  <*luo  npmiwi  {No  lawnt  oMiunOlo  quantity  datactaola  ullnfl  ASTH  or  jpactropnotoaotrlc  tatt 
V  tno  imm or  ao  ino  rlqnt  in  parontNoalt  rofloet*  tNo  rooortoO  *aluo  froo  tNo  luppllar  to  tNo  itaamAip 


12.3(13.5) 


200(164) 


proctduros. 
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TABLE  2.1  (Cont.) 
SAMPLE  TEST  RESULTS 


SAMPLE  COUNT  REFERENCE 


SAMPLE  NUM8ER  CONTROL 


BUNKERING  PORT 


GEOGRAPHICAL  REGION 


OATE  BUNKERED 


CARBON 


HYDROGEN  1 


NITROGEN  * 


OXYGEN 


SULFUR  S 


ASH 


API  GRAVITY  }  60°F  » 


PM  FLASH  POINT  (0°F)  iJ 


1.3(12.4)  12.1(11.0) 


202(130)  190(170) 


3/20/30 


34.73 


10.34 


0.32 


.3 


2.90 


0.24 


12.9 


178 


3130 


4541 


3580 


3.13 


110 


23 


69 


77 


16940 


3 


3/4/30 


37.11 


10.28 


0.62 


17700 


3 


5/2/30 


35.48 


11.22 


0.66 


0.5 


2.40 


63 


176 


'6470 


3 


9/7/30 


36.31 


10.38 


0.73 


0.59 


1.70 


0.08 


11.2(11.1)112.4(9.5)  1 14.0(14.0) 


195(165)  |  192(130)  194(170) 


2870 


2516 


18720 


8.21 


77 


38 


1 


4670 


1094 


18490 


3.12 


134 


22 


71 


2 


17700 


3 


5/27/30 


36.31 


11.12 


0.69 


.5 


1.39 


0.04 


14.2(14.3) 


212(210) 


3949 


3462 


13570 


3.10 


47 


SQOIUN,  ppm 


ZINC,  ppm 

ZN 

3 

3 

CALCIUM,  ppm 

CA 

17 

12 

114 

59 

ISO 

13S 

108 

120 

Ul 

106 

8AAIUM,  ppa 


MAGNESIUM,  ppm 


TITANIUM,  ppm 


VANADIUM,  ppm 


CAGHIUM.  ppm 


MANGANESE,  pop 


This  yolun  roprwonts  thm  lowatt  nmosuraoit  quantity  dotoetiblo  using  ASTM  or  spmctropnotomotne  tat 
TIM  numfemr  on  thm  right  In  pormnthtsls  rtflmcts  thm  rtporttd  volum  from  thm  supplier  to  thp  stOMMhlp 


3 


17700 


3 


/  4/  30 


35.31 


11.13 


0.63 


2.22 


0.01 


13.7(14.1) 


138(176) 


5912 


5183 


13410 


8.13 


254 


is 


1 
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TABLE  2.1  (Cont.) 
SAMPLE  TEST  RESULTS 


SAMPLE  NUMBER  CONTROL 


JUNtfRWG  port 


jECGRAPhICAL  REGION 


:ate  3u;ikER£3 


CARSON 


HY0R06EN  1 


NITROGEN  5 


XYGeN 


SULFUR  S 


5SH  ? 


API  GRAVITY  J  60°F  V 


“EATING  VALUE  8TU/L3 


SPECIFIC  HEIGHT  L3/GAL 


IRON,  pp* 


LEAO,  PH* 


COPPER.  PP» 


CHROMIUM,  ppa 


ALUMINUM,  PC* 


NICKEL.  PC* 


SILVER,  pm 


TIN.  PON 


SILICON,  pp* 


SOOIUM,  pp* 


INC,  pp* 


CALCIUM,  PON 


SARIUM,  pp* 


MAGNESIUM,  ppa 


TITANIUM,  pp* 


VANADIUM,  ppa 


CADMIUM,  pp* 


HANCANCSt,  PP* 


COUNT 


LAB  NO. 


HP! 


i  cooe 


MO/OAY/',R  7.M  1  /  90  I  3/7  5/30 


35.25 


10.30 


0.73 


1.31 


1.46 


0.19 


11.1(11.7)  12.2 


9425 

IE 

1205 

lUQS 

11205 

i 

,'12/30  7/12/90 


36.27 


10.38 


0.41 


0.5 


1.9a 


3.31 


14.6 


254 


4812 


4218 


13230 


3.07 


30 


9 


36.57 


11.64 


0.43 


.5 


1.36 


0.04 


14.9 


258 


4716 


4134 


18370 


8.07 


64 


10 


5/23/30 


35.98 


10.38 


0.39 


2.10 


0.04 


12.4 


250 


5545 


4861 


18140 


8.19 


30 


6 


5/16/30 


36.46 


11.03 


0.42 


2.57 


0.03 


12.8 


266 


9538 


3361 


13320 


3.18 


50 


6 


3/29/80 


36.45 


10.36 


0.46 


.5 

0 

.5 

0 

2.36 


0.03 


13.0 


262 


7230 


6382 


17950 


8.17 


71 


8 


5/26/30 


86.35 


11.22 


0.25 


.5 


2.38 


0.04 


15.6 


188 


926 


312 


18110 


3.03 


32 


6 


TNI*  «p)m  nprPMNU  cm  loMit  aaajunel#  quantity  3at*cudl«  using  ASTM  or  spactropMtoMtrle  tm 
y  TM  Mtr  on  CM  rlpnt  In  parwtMRls  rtflact*  CM  raportad  Value  Fro*  CM  supplier  to  CAP  iCM**N1p 


procMumi. 

coapany. 
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TABLE  2.1  (Cont.) 
SAMPLE  TEST  RESULTS 


SAMPLE  COUNT  REFERENCE 

COUNT 

si 

32 

83 

84 

35 

86 

8” 

88 

SAMPLE  NUMBER  CONTROL 

LAB  NO. 

IAS 

11 

42 

108 

112 

12" 

31 

35 

bunkering  PORT 

HP  I 

U205 

1132S 

11325 

11335 

11335 

11335 

15410 

15410 

GEOGRAPHICAL  REGION 

I  COOE 

4 

4 

4 

4 

4 

4 

4 

4 

SATE  BUNKERED 

MO/OAY/YR 

3/ 1/80 

6/16/80 

6/2" 'SO 

3/26/80 

7/24/An 

7/26/80 

8/11/30 

3/11/30 

CARBON  5 

C 

86.50 

36. 38 

36.69 

36.01 

86.09 

85.00 

86.06 

HYDROGEN  i 

H 

10.90 

11.36 

11.41 

10.88 

10.64 

10.63 

11.09 

10.48 

NITROGEN  % 

N 

0.37 

0.34 

0.30 

0.33 

0.23 

0.2? 

0.25 

0.28 

OXYGEN  t  (<  O.St) 

0 

O.S 

O.S 

O.S 

0.5) 

O.S 

0.51 

0.5 

0.5 

SULFUR  S 

S 

1.98 

2. OR 

2. 25 

2.27 

7  “7 

2.7S 

3.43 

2.46 

ASH  i 

ASH 

0.04 

0.04 

0.04 

0.01 

0.10 

0.07 

0.08 

0.07 

API  GRAVITY  9  60°F  & 

GRAV 

12.3 

13.4(13.8) 

14.9(15.21 

12.002.7) 

12.2(12.9) 

n 

14.1(14.3) 

13.4(15.0) 

FLASH 

186 

254  (180) 

236  (130) 

244  (180) 

236  (180) 

238  (21") 

245  (185) 

VISSSU 

651" 

3915 

3469 

3858 

459S 

4456 

4514 

4304 

VISRUO 

5"13 

3432 

3041 

3382 

4023 

3906 

395" 

37"3 

heating  value  btu/lb 

MTVAL 

13060 

18320 

18520 

18730 

18510 

13370 

18020 

18183 

SPECIFIC  HEIGHT  LB/GAL 

SPECUT 

3.20 

8. IS 

3.07 

8.21 

8 . 20 

8.20 

3.11 

8.15 

PHOSPHORUS,  ppm  (<  30  ppm)  1 

P 

30 

37 

50 

30 

30 

30 

30 

30 

IRON,  ppm 

FE 

8 

6 

5 

16 

12 

3 

6 

LEAO,  ppm 

PB 

1 

0 

0 

7 

7 

3 

1 

2 

COPPER,  ppm 

CU 

0 

0 

0 

1 

1 

1 

0 

1 

CHROMIUM,  ppm 

CR 

0 

0 

0 

0 

0 

0 

0 

I 

ALUMINUM,  ppm 

AL 

14 

12 

12 

18 

20 

1" 

10 

11 

NICKEL,  ppm 

HI 

25 

36 

33 

21 

24 

24 

28 

S3 

SILVER,  ppm 

AG 

0 

0 

0 

0 

0 

0 

1 

1 

TIN,  ppm 

SN 

0 

7 

3 

3 

3 

4 

5 

- 

SILICON,  ppm 

SI 

20 

u 

10 

is 

7  7 

24 

10 

13 

8 

IS 

15 

15 

15 

15 

15 

IS 

15 

SODIUM,  ppm 

NA 

13 

3 

16 

3 

45 

40 

16 

9 

ZINC,  ppm 

ZN 

7 

0 

0 

0 

12 

1 

0 

0 

CALCIUM,  ppm 

CA 

? 

0 

i 

0 

1 

1 

<\ 

2 

BARIUM,  ppm 

BA 

0 

0 

0 

0 

0 

0 

0 

0 

MAGNESIUM,  ppm 

MG 

0 

0 

n 

l 

7 

2 

7 

2 

TITANIUM,  ppm 

TI 

i 

0 

0 

4 

9 

3 

1 

3 

VANADIUM,  ppm 

V 

TO 

70 

55 

43 

63 

3  5 

120 

350 

CADMIUM,  ppm 

CO 

0 

5 

4 

0 

0 

0 

0 

0 

MANGANESE,  ppn 

MN 

0 

0 

0 

0 

n 

0 

0 

0 

1/  This  value  represents  the  lowest  measurable  quantity  detectable  using  ASTN  or  spectrophotometrlc  test  procedures. 
H  The  mmfcer  on  the  right  In  parenthesis  reflects  the  reported  Value  fro*  the  supplier  to  the  steamship  company. 


TABLE  2.1  (Cont.) 
SAMPLE  TEST  RESULTS 


SAMPLE  COUNT  REFERENCE 

COUNT 

89 

90 

SAMPLE  NUMBER  CONTROL 

LAB  NO. 

87 

94 

BUNKERING  PORT 

WPI 

15410 

15410 

geographical  region 


DATE  BUNKERED 


HYDROGEN  % 


NITROGEN 


OXYGEN  %  (<  0.511)  y 


SULFUR  i 


I  CODE 


MO/OAY/YR  7/28/80 


4/18/80  9/10/80  9/26/80 


6/27/80 


85.37 


10.92 


0.27 


2.61 


0.07 


1.9(12.7) 


13.7  14.4(12.7) 


260(206)  202(199) 


. . . . . . 

VISRWO 

3866 

4471 

— 

2863 

3610 

2946 

3846 

210 

3994 

HEATING  VALUE  BTU/LB 

HTVAL 

18290 

18790 

18400 

18390 

',8160 

18610 

18210 

18346 

SPECIFIC  HEIGHT  LB/ GAL 

SPECHT 

8.15 

8.00 

8.22 

8.12 

8.09 

8.26 

7.74 

8.10 

PHOSPHORUS,  ppm  (<  30  ppm) 

P 

30 

30 

30 

30 

30 

30 

40 

30 

IRON,  ppm 


lEAO,  ppm 


COPPER,  ppm 


CHROMIUM,  ppm 


ALUMINUM,  ppm 


NICKEL,  ppm 


SILVER,  ppm 


TIN,  ppm 


SILICON,  ppm 


SODIUM,  ppm 


ZINC,  ppm 


CALCIUM,  ppm 


BARIUM,  ppm 


MAGNESIUM,  ppm 


TITANIUM,  ppm 


VANAOIUM,  ppm 


CAOMIUM,  ppm 


MANGANESE,  ppm 


y  This  value  represents  the  lowest  measurable  quantity  detectable  using  ASTM  or  spectrophotometric  test  procedures. 

The  number  on  the  right  in  parenthesis  reflects  the  reported  value  from  the  supplier  to  the  steamship  company. 

V  Not  included  in  statist;cal  analysis  because  of  viscosity. 
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TABLE  2.1  (Cont.) 
SAMPLE  TEST  RESULTS 


SAMPLE  NUMSE3  CONTROL 


BUNKERING  PORT 


L  REGION 


OATS  3UNKSRS0 


carbon  - 


HY0R0GEN  : 


nitrogen  : 


OxrGEN  S  {<  3. 5S)  -/ 


SULFUR 


PH  PUSH  POINT  (0°P)  y 


^smmrnm 


HEATING  value  3TL7L3 


SPECIFIC  'HEIGHT  LB/ GAL 


IRON,  ppm 


LEAO.  ppm 

PS 

COPPER,  ppm 

C'J 

CHROMIUM,  ppm 


ALUMINUM,  ppm 


MI  Cm,  ppm 


SILVER,  ppm 


TIN,  ppm 


SILICON,  ppm 


SOOIUM,  ppm 


ZINC,  ppm 


CALCIUM,  ppm 


SARIUM,  ppm 


MAGNESIUM,  ppm 


TITANIUM,  ppm 


VANAOIUH,  30 


CAOMUH,  ppm 


MANGAMU.  PO 


y  This  vp  I  lam  ngraitfitl  :hm  lowmst  mtiunsl  t  pu«nt1ty  docsctiPi*  using  ASTM  or  spmctrophotammtrlc  tot 
y  TNm  imOr  on  win  rignt  in  pmrmneliMls  rmflocts  tnm  ropertod  volum  From  tnm  supplior  to  turn  suawnio 


procodurms. 

company. 
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TABLE  2.1  (Cont.) 
SAMPLE  TEST  RESULTS 


y  ThH  v«Im  rwmati  tft*  tmost  amursPlo  quantity  4tt«ct*bl«  mtnq  AS TM  or  sooctropnetonotrlc  tm 
y  Th#  MMr  on  tlM  rljHt  in  parotitiwsls  rofloeti  tlM  rtportp*  v*lu«  fro*  tlw  supplier  to  *.M  ttp««Mp 


TABLE  2.1  (Cont.) 
SAMPLE  TEST  RESULTS 


SAMPLE  COUNT  REFERENCE 


SAMPLE  NUMBER  CONTROL 


BUNKERING  PORT 


IcOGRAPHICAL  RESIGN 


BATE  BUNKERED 


CARBON  ; 


HYOROGEN  t 


NITROGEN 


OAYGEN  5  (<  O.SJ)  U 


SULFUR  I 


ASH  I 


API  GRAVITY  «  SO°F  H 


HEATING  value  stu/lb 


SPECIFIC  WEIGHT  LB/GAL 


phosphorus,  pm  (<  30  pm) 


[RON,  Pm 


COUNT 


ua  no. 


WPI 


I  COOE 


leao,  pm 

1  P8 

COPPER,  prn 

cu 

CHROMIUM,  prn 


ALUMINUM,  pm 


NICKEL,  prn 


SILVER,  pm 


tin,  pm 


SILICON,  pm 


sooum,  pm 


zinc,  pm 


CALCIUM,  prn 


BARIUM,  prn 


magnesium,  pp« 


TITANIUM,  pm 


VANAOIUM,  pm 


CASMIUH,  prn 


MANGANESE,  pm 


1/  TMi  vtluo  rtpmstnt*  tht  Vomit  mtsunoit  putntlty  dtttcuolt  Ming  AS7M  or  tpoetropMtomtrlc  tut 
V  TNo  maMr  on  Uw  rlgnt  in  ptwntftiili  rtfloeti  tl»  rnportnO  vtlwt  from  tlw  suppHtr  to  tut  stttaiMp 


procMurm. 

comtny. 
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TABLE  2.1  (Cont.) 
SAMPLE  TEST  RESULTS 


SAMPLE  COUNT  REFERENCE 

COUNT 

121 

122 

123 

124 

123 

126 

123 

SAMPLE*  NUMBER  control 

LAS  NO. 

•  -  -i 

4.  - 

i: 

55 

** 

113 

-T 

1 5o 

61 

3 UN KERINS  PORT 

HP  I 

52390 

36  360 

3  3  "  ”  3 

39130 

39130 

5?4" 

4  332  ) 

OECGRAPhICAL  resign 

I  CODE 

6 

- 

- 

- 

- 

- 

- 

- 

GATE  3UNKEAED 

MO/OAY/YR 

?/;•  '  30 

*11 '30 

*,  13/3 11 

*'5/30 

7/22/30 

3/13/30 

*'22  30 

3  2*  92 

CARBON  % 

r 

35.0* 

35.30 

35.04 

35.*: 

34.33 

14.06 

34.43 

3  5.51 

HYDROGEN  t 

H 

11.  TI 

10.90 

10.44 

12.03 

11.09 

10 . 35 

11.02 

11.00 

NITROGEN  S 

N 

0.03 

0.20 

0.03 

0.36 

0.2S 

1.29 

0.30 

2.30 

OXYGEN  S  (<  O.SS)  1/ 

0 

0.5 

0.5 

0.5 

O.S 

0.5 

0.3 

0.3 

1.93 

SULFUR  i 

s 

2.67 

2.4- 

4.03 

1.33 

3.41 

4.19 

3.9* 

5 . 56 

ASH  : 

ASH 

0.0S 

0.13 

o.os 

0.07 

O.OS 

)  .  13 

0.1* 

0 . 0* 

API  GRAVITY  J  aO°r  U 

SRAV 

is.  r 

12.3(13.5) 

11.7(11.6) 

16.3(18.3) 

15.9 

13. 4/13. 6) 

13.4 

13.1 

PM  FLASH  POINT  (0°r)  y 

FLASH 

213(303) 

254(130) 

232(230) 

210(212) 

233 

150(142) 

196 

143 

VISCOSITY  'SSU  3  100°?) 

VISSSU 

14  36 

5739 

6123 

2325 

19** 

39R7 

IMG 

3365 

“TI S3T35'IT? " aED'.%00D  no.  i  StC 
a  1 QQ°F 

7ISRU0 

1259 

5031 

5372 

2038 

1*33 

2702 

3415 

2950 

HEATING  VALUE  3TU/L8 

HTVAL 

13740 

13360 

132S0 

13660 

18222 

13420 

13480 

13350 

SPECIFIC  WEIGHT  L8/GAL 

SPECWT 

7.93 

3.13 

3.25 

7.97 

8.01 

3. IS 

3. IS 

3.17 

PHOSPHORUS,  ppm  (<  30  ppm)  - 

P 

30 

30 

30 

30 

30 

60 

30 

30 

IRON,  ppm 

FE 

4 

? 

5 

4 

11 

3 

- 

19 

LEAO,  ppm 

P8 

1 

i 

2 

1 

1 

■> 

2 

2 

COPPER,  ppm 

CU 

l 

0 

0 

f> 

0 

0 

1 

0 

CHROMIUM,  ppm 

CR 

0 

« 

0 

1 

0 

0 

0 

1 

ALUMINUM,  ppm 

AL 

9 

9 

10 

10 

9 

10 

12 

9 

NICKEL,  ppm 

Nl 

28 

20 

51 

12 

30 

42 

36 

24 

SILVER,  ppm 

AG 

0 

0 

0 

0 

0 

l 

0 

2 

TIN .  ppm 

SN 

1 

5 

4 

3 

5 

1 

3 

SILICON,  ppm 

SI 

s 

17 

10 

10 

11 

17 

9 

23 

BORON,  ppm  (<15  ppm)  M 

8 

IS 

IS 

IS 

IS 

IS 

IS 

IS 

IS 

SODIUM,  ppm 

NA 

27 

6 

3 

IS 

IS 

29 

11 

?0 

ZINC,  ppm 

ZN 

Z 

0 

1 

3 

0 

0 

1 

0 

CALCIUM,  ppm 

CA 

1 

0 

1 

2 

0 

0 

l 

3 

3ARIUM.  ppm 

8A 

0 

0 

0 

0 

0 

0 

0 

0 

MAGNESIUM,  ppm 

MG 

2 

1 

0 

3 

1 

2 

0 

1 

TITANIUM,  ppm 

TI 

2 

l 

0 

0 

1 

■» 

+ 

5 

VANAOIUM,  ppm 

V 

12S 

63 

76 

310 

93 

150 

130 

*6 

CADMIUM,  ppm 

CO 

0 

0 

6 

s 

8 

0 

0 

3 

MANGANESE,  PPl 

MN 

0 

0 

0 

0 

0 

0 

0 

0 

y  nut  v«1im  rttrmnu  tft«  1'owut  imsurabl*  quantity  MtnctaaU  using  ASTM  or  ipmetropnotemmtrlc  tut  procMurtf. 
y  Th#  nummrnr  an  tM  right  In  p«  ran  that It  raflaeti  tha  raportad  Yalua  froai  thn  suppllar  to  tha  stiMsnlp  company. 
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TABLE  2.1  (Cont.) 
SAMPLE  TEST.  RESULTS 


SAMPLE  COUNT  REFERENCE 

COUNT 

1 29 

13-? 

i* : 

i  ~  ’ 

134 

in 

SAMPLE  NUMBER  CONTROL 

LA8  NO. 

id: 

*  5 

in 

ICS 

*  •  1 

;  j: 

mm 

BUNKERING  PORT 

UP  I 

46**0 

46330 

463  30 

46330 

46  3  30 

ini 

GEOGRAPHICAL  region 

I  COOE 

- 

* 

• 

- 

- 

- 

- 

CATE  BUNKERED 

MO/OAY/YR 

5/13/30 

5/30/30 

mm 

5/24/3:5 

tirag 

EHE9 

ran 

CARBON  q 

C 

36.43 

33.30 

■S  5  .  5  ■* 

ran 

3.VC3 

nYOROGEN  t 

H 

10.63 

13.39 

10. 2S 

10.*6 

B 

10.10 

NITROGEN  1 

N 

0 .03 

0.38 

0.33 

0.33 

0.0* 

0.23 

0.03 

0 

o.s 

0.3 

O.S 

0.3 

0.3 

0.3 

0.3 

SULFUR  : 

s 

3.2’ 

3.1* 

3.04 

3.16 

3.04 

2.90 

2.3* 

ASM  5 

ASH 

0.0S 

0.04 

0.11 

0.09 

0.03 

0.10 

0.04 

API  GRAVITY  ?  50aF  U 

GRAV 

13 . 4(13. S) 

11.5(11.3) 

11.7(11.6) 

HI 

11.3 

11. 5 

FLASH 

164  C 167) 

178  (16Z) 

178  (172) 

1SS  (160) 

1S2 

142 

166 

VISSSU 

1301 

1 386 

1913 

17*9 

1S66 

1329 

1492 

V ISRWO 

1316 

121$ 

1361 

1360 

mam 

1340 

1308 

HEATING  VALUE  BTU/LB 

HTVAL 

13436 

17330 

18S20 

13140 

13860 

13380 

13430 

SPECIFIC  WEIGHT  LS/GAL 

SPECVTT 

3. IS 

3.C6 

s.:s 

3.13 

3.21 

3.22 

3.24 

OMOSPHORUS.  ppm  (<  30  ppm)  L 

? 

39 

30 

56 

30 

30 

30 

30 

[RON.  ppa 

FE 

30 

11 

19 

16 

9 

9 

9 

LEAO,  ppm 

PB 

1 

1 

2 

<1 

1 

2 

3 

COPPER,  ppm 

CU 

1 

0 

0 

l 

0 

0 

0 

CHROMIUM.  ppm 

CR 

0 

0 

0 

0 

0 

0 

0 

ALUMINUM,  ppm 

AL 

13 

12 

15 

19 

14 

13 

13 

MICXEL,  ppm 

Nl 

45 

42 

S3 

42 

55 

26 

30 

SILVER,  ppm 

AG 

0 

0 

1 

0 

0 

0 

0 

TIN,  ppm 

SN 

3 

4 

4 

5 

3 

2 

5 

SILICON,  ppm 

SI 

19 

IB 

15 

21 

3 

9 

r 

rrTriBrgiEM 

a 

IS 

15 

IS 

15 

IS 

IS 

15 

SODIUM,  ppm 

NA 

ZS 

3 

19 

23 

13 

13 

11 

ZINC,  ppm 

ZN 

z 

0 

3 

2 

4 

6 

3 

CALCIUM,  ppa 

CA 

0 

0 

0 

l 

i 

1 

1 

BARIUM,  ppm 

BA 

0 

0 

0 

0 

0 

0 

0 

MAGNESIUM,  ppm 

MG 

2 

1 

4 

5 

1 

2 

1 

TITANIUM,  ppm 

TI 

2 

0 

l 

s 

2 

? 

2 

VANAOIUM,  ppm 

V 

IDS 

100 

130 

S3 

30 

59 

65 

CADMIUM,  ppm 

CO 

0 

s 

0 

0 

0 

0 

0 

MANGANESE,  ppm 

MN 

0 

0 

0 

0 

0 

0 

0 

I!  TM*  valum  rtprwtnts  thm  Vommtt  aMsurt&lt  quantity  4*t*ct»fli»  utlng  A  STM  or  sppctropnotsmptrlc  tost  procMurti 
V  Tht  MMr  on  thp  rfgnt  In  partfltlwils  mfltcu  tht  noortnd  valut  fro*  tht  suppHtr  to  too  ttumsMp  company. 


r 

i 

TABLE 

SAMPLE 

2.1  (Cont.) 

TEST  RESULTS 

:-:tPL£  COUNT  REFERENCE 


iA.'fl’Lt  SUNDER  CONTROL 


3UNKERDC  PORT 


jtOGRAPH I  CAL  RE3I0N 


iOOIUN,  PIN 


ZINC,  W« 


calciw.  vm 


3ARIUH,  ppa 


MAGNESIUM,  ppa 


TITANIUM,  pm 


VANADIUM,  Pm 


CAOHIUM,  pm 


MANGANESE,  pm 


1/  nils  vaIim  r*pr*s«nts  tl»  Vowtst  nsasurtel*  quantity  dtttctablo  using  A  STM  or  spNCtropnotOMutrle  ttst  procNdurvs. 
V  n»  immt  on  t Jm  right  In  partntnafls  rtflscts  Win  r«portpP  V»Iut  frost  thu  lupplltr  to  tut  itMwnip  eonpany. 
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TABLE  2.1  (Cont.) 
SAMPLE  TEST  RESULTS 


SAMPLE  COUNT  REFERENCE 

COUNT 

U5 

146 

147 

148 

149 

ISO 

SAWIE  NUMBER  CONTROL 

lab  no. 

136 

151 

189 

191 

13* 

162 

BUNKERING  PORT 

HP! 

30000 

50000 

50000 

50000 

50010 

57840 

GEOGRAPHICAL  REGION 


OATE  3UNKERED 


HYDROGEN  i 


NITROGEN  i 


MO/OAY/YR  -,'4/30 


PM  FLASH  POINT  (OF) 


rVT'J'SBHB  ■! 


HEATING  VALUE  3TU/LS 


SPECIFIC  HEIGHT  LB/GAL 


PHOSPHORUS.  PH*  (<  30  ppa) 


IRON,  PPM 


LEAD,  PPM 


COPPER.  PPM 


CHROMIUM,  PPM 


ALUMINUM,  PPM 


NICKEL,  PPM 


SILVER.  PPM 


TIN,  PPM 


SILICON.  PPM 


S 


ASH 


GRAY 


FLASH 


7ISSSU 


V1SRW0 


HTVAL 


SPECVT 


82  (182) 


I9S7 


1716 


18200 


4/S/30 

3/30/30 

3/2/30 

7/28/80 

3/13/30 

35.28 

34.36 

34.-4 

85.27 

35.36 

11.22 

11.09 

11.10 

ll.il 

11.23 

0.18 

0.21 

0.17 

0.14 

0.18 

0.3 

0.5 

0.3  0.5 

0.38 

5.10 

3.58 

3.60 

3.08 

2.00 

0.01 

0.02 

0.11 

0.02 

0.12 

16.2(16.3) 

16. 2(16. S) 

16.7 

16.1(17.2) 

140  (174) 

164 

142 

172  (28S) 

2325 

1538 

15Q1 

16S0 

1394 

2038 

1348 

1316 

1446 

1222 

18S80 

18530 

13440 

19220 

18040 

7.98 

7. 98 

7.98 

7.95 

3.00 

SO 

30 

30 

30 

30 

SOOIW,  ppa 


ZINC.  P*» 


CALCIIH,  ppa 


8ANIW.  ppa 


MAGNESIUM,  ppa 


TITANIUM,  ppa 


VANADIUM,  ppa 


CAflMtlfl,  PPM 


MANGANESE.  PPM 


y  This  vatu*  raprastnts  tha  lowast  aaasurtbla  quantity  datactabla  utlrtq  A  STM  or  spaetrppnotoMatrlc  t«t  proetdura*. 
y  Tha  maabar  on  tna  ripnt  in  paranthasls  raflacts  tha  raportad  valua  from  cha  suopllar  to  cna  staaMtnip  eoMpany. 


1 
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CUMULATIVE  SAMPLE  RESULTS  BY  TEST  AND  REGION 
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TABLE  2.2  (Cont.) 

CUMULATIVE  SAMPLE  RESULTS  BY  TEST  AND  REGION 
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TABLE  2.2  (Cont.) 

CUMULATIVE  SAMPLE  RESULTS  BY  TEST  AND  REGION 


TABLE  2.3 


COMPARISON  OF  1980  SURVEY  TO  1976  SURVEY 
AND  THE  INOUSTRY  REFERENCE  ]_/ 


Fuel  Characteristics 

Symbol 

Industry 

Standard 

1976 

Survey 

1980 

Survey 

CARBON 

C 

37.75 

85.20 

35.78 

HY0R0GEN  S 

H 

10.50 

11.30 

10.88 

NITROGEN  % 

N 

0.15 

0.80 

0.33 

mrm'im 

0 

0.40 

0.43 

0.55 

SULFUR  S 

s 

1.20 

2.97 

2.60 

ASH 

— 

0.03 

0.08 

iiiiifvliiJhiiyH 

GRAV 

— 

15.1 

13.65 

PM  FLASH  POINT  (0UF) 

FLASH 

— 

192 

197 

VISCOSITY  (SSU  9 

100°F) 

VISSSU 

3264 

3982 

VISCOSITY  REDWOOD  NO. 

1  SEC  9  100°F 

VISRWO 

2861 

3491 

HEATING  VALUE  8TU/L8 

HTVAL 

18500 

18780 

18408 

SPECIFIC  WEIGHT  LB/GAL 

SPECWT 

.. 

3.99 

8.13 

P 

— 

40 

46 

IRON,  ppm 

FE 

— 

6 

10 

LEAO,  ppm 

PB 

— 

1 

2 

COPPER,  ppm 

CU 

— 

0 

KB9 

CHROMIUM,  ppm 

CR 

~ 

0 

m 

ALUMINUM,  ppm 

AL 

-- 

2 

12 

NICKEL,  ppm 

Nl 

— 

18 

37 

SILVER,  ppm 

AG 

— 

0 

0 

HHB I 

mm 

— 

O 

3 

SI 

— 

l 

13 

B 

— 

0 

15 

SODIUM,  ppm 

NA 

— 

15 

13 

ZINC,  ppm 

mm 

— 

0 

2 

CALCIUM,  ppm 

CA 

— 

30. 

5 

BA 

— 

40 

0 

MAGNESIUM,  ppm 

MG 

-- 

180 

2 

TITANIUM,  ppm 

TI 

-- 

.2 

2 

V 

— 

42 

140 

CADMIUM,  ppm 

CD 

— 

0 

2 

MANGANESE,  ppm 

1* 

— 

0 

0 

1/  The  Industry  reference  Is  for  heat  balance  purposes  and 
Is  taken  from  the  Society  of  Naval  Architects  and  Marine 
Engineers  (SNAME)  Technical  and  Research  Bulletin  3-11, 
SHAME,  1972. 

2/  These  averages  for  oxygen,  phosphorus,  and  boron  are 
“  artificially  high  because  the  quantities  indicated  were 
used  to  represent  any  sample  that  fell  below  these  test 
limits. 
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TABLE  2.4 

MULTIPLIERS  FOR  95%  CONFIDENCE  INTERVAL  -1 


Region 

Code 

No.  of 
Samples 

t  or  z 
Value 

Multiplier 

1 

33 

1.645 

.29 

2 

20 

2.093 

.47 

3 

20 

2.093 

.47 

4 

19 

2.101 

.48 

5 

19 

2.101 

.48 

6 

9 

2.306 

.77 

7 

14 

2.160 

.58 

8 

15 

2.145 

.55 

Total 

149 

1.645 

.13 

1/  Information  from  Standard  Mathametical  Tables , 
15th  Edition,  Chemical  Rubber  Company,  Cleveland 
Ohio,  1967. 

2/  The  t  value  is  taken  from  the  table  of  sample 
distribution  probabilities  and  is  used  when  the 
sample  size  is  less  than  30.  The  z  value  is 
also  from  a  table  of  sample  distribution  proba¬ 
bilities  and  is  used  when  the  sample  size  exceeds 
30. 


10.91 


%  uaSoapXn 


AVERAGE  HYDROGEN  BY  GEOGRAPHIC  REGION 


(I) 


FIGURE  2.6 

AVERAGE  SODIUM  BY  GEOGRAPHIC  REGION 


Wdd  uinipBUBA 

I 

1 

SO 

] 


TABLE  2.5 

WATCH  SAMPLE  RESULTS 


SAJ-Li  COUNT  REFERENCE 

COUNT 

W-l 

4-2 

4-3 

4-4 

W-5 

4-o 

y-LS  number  control 

•AS  NO. 

270 

271 

272 

180 

204 

237 

bunkering  5cst 

WPt 

N/A 

N/A 

N/A 

38853 

49240 

38210 

GEOGRAPHICAL  REGION 

I  CODE 

7 

7 

7 

2 

3 

1 

DATE  8UNKERE0 

MO/OAY/YR 

N/A 

N/A 

N/A 

8/10/30 

3/11/80 

9/6/80 

CARBON  X 

C 

34.58 

34.98 

3S.59 

36.40 

34.36 

36.52 

HYOROGEN  t 

H 

11.45 

10.53 

11.06 

10.77 

11.18 

10.66 

NITROGEN  5 

H 

0.24 

0.2S 

3.24 

0.28 

0.24 

0.30 

OXYGEN  S  (<  0.5*)  y 

0 

0.50 

O.SO 

3.50 

O.SO 

3.50 

0.50 

SULFUR  I 

s 

3.70 

3.37 

3.13 

1.96 

3.63 

2.82 

ASH  * 

ASH 

0.0] 

3.04 

0.34 

3.38 

3.09 

0.13 

API  GRAVITY  9  «0JF  & 

SRAV 

13.7 

13.7 

13.5(14.5) 

11.5 

14.5 

11.7 

”4  FLASH  FOINT  (0°F)  y 

FLASH 

198 

:20 

278(241) 

192 

188(202) 

178 

VISCOSITY  (SSU  J  10O°F) 

VISSSU 

2780 

3100 

3480 

4750 

1850 

4250 

vtscosiVV  Vuwqqd  ho.  T  jec 

VISRHO 

2430 

2710 

3040 

4149 

1616 

3713 

HEATING  VALUE  3TU/L3 

HTVAL 

18620 

18170 

18320 

18020 

18020 

18040 

SPECIFIC  WEIGHT  L3/GAL 

SPECVT 

8.13 

3.13 

3.14 

3.26 

8.09 

3.25 

PHOSPHORUS,  pan  (<  30  pon)  iv 

P 

30 

30 

30 

30 

30 

30 

IRON,  ppn 

FE 

Z 

2 

S 

17 

7 

12 

LEAD,  ppn 

PS 

1 

1 

1 

4 

0 

1 

COPPER,  opn 

CU 

1 

1 

1 

1 

0 

1 

CHROMIUM,  ppn 

CH 

0 

0 

0' 

0 

0 

Q: 

ALUMINUM,  ppn 

AL 

14 

14 

10 

14 

16 

10 

NICXEL.  ppn 

HI 

zs 

27 

18 

S8 

18 

30 

SILVER,  ppn 

AG 

0 

0 

0 

0 

0 

0 

TIN,  ppa 

SN 

3 

2 

2 

2 

1 

2 

SILICON,  ppn 

SI 

3 

8 

11 

21 

3 

14 

BORON,  ppn  (<1S  ppn)  U 

8 

15 

IS 

is 

IS 

15 

15 

SODIUM,  ppn 

NA 

12 

14 

20 

IS 

9 

S 

ZINC,  ppn 

ZR 

4 

3 

2 

3 

0 

0 

CALCIUM,  ppn 

CA 

9 

3 

0 

13 

0 

1 

BARIUM,  ppa 

BA 

0 

0 

0 

0 

0 

0 

MAGNESIUM,  ppa 

MS 

1 

1 

1 

3 

s 

1 

TITANIUM,  ppa 

TI 

3 

1 

1 

2 

1 

1 

VANADIUM,  ppa 

V 

72 

74 

48 

79 

72 

220 

CADMIUM,  ppa 

CO 

0 

0 

0 

0 

0 

0 

MANRANESE.  ppa 

m 

0 

0 

0 

0 

0 

0 

U  TMi  v«1m  mnwu  tiw-  Inm  wtiunalt  quantity  PatacuBla  uainq  AST*  or  jpactropNowaatrle  tut  pracaduraa. 
V  TRa  mt«r  on  tl*a  rlqRt  in  parantkatl*  raflacu  tha  ragortad  Valua  *ram  ena  tupoHar  to  ttia  itawNlg  eonaany. 
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